The 184Os/190Os ratio of six Allende meteorite samples was determined by neutron activation analysis. Four chromite concentrates gave a ratio differing from the terrestrial ratio by only -0.1 ± 0.4%, although they contained highly anomalous xenon enriched by up Through an oversight, the Os isotopic data were not included in our 1975 paper (5). They are therefore being reported here.
'mXe. In view of this result and the normal isotopic composition of carbon and oxygen in these fractions, it seems very unlikely that the xenon anomalies were roduced in a supernova by the p and r processes. More probably, the xenon anomalies were established in the early solar system, by mass fractionation during trapping of noble gases in solids and by spontaneous fission of a superheavy element.
Two other samples, containing osmium from the calcium,aluminum-rich inclusions, also gave an 184Os/I90Os ratio within -0.1 + 0.5% of the terrestrial value, although these inclusions show well-established anomalies in the light elements oxygen and magnesium, which appear to be due to pre-solar dust grains of distinctive nuclear history. Apparently the stellar source of the anomalous oxygen and magnesium did not synthesize heavier elements. (8) . Other authors have proposed variants of this hypothesis, all having in common an exotic rather than a local origin of the anomalous xenon (9) (10) (11) (12) .
Both explanations are somewhat mind-boggling, yet neither can be dismissed out of hand. There are strong theoretical reasons for expecting an "island of stability" near atomic number 114 and neutron number 184 (13, 14) , though it is not at all clear that this island can actually be reached in stellar nucleosynthesis (15, 16) , or that lifetimes of superheavy nuclei will be long enough to permit them to reach the solar system in live form (17) . [The recent discovery of 26Mg from the decay of 0.74 million year 26AI in the Allende meteorite (18, 19) , has somewhat relaxed this time constraint.] Similarily, survival of pre-solar dust grains in primitive meteorites has become a respectable idea since the discovery of isotopic anomalies in neon (20) (21) (22) (23) , oxygen (24, 25) , and magnesium (18) . There now is good evidence that these anomalies are due to pre-solar grains of distinctive nuclear history that were not melted or vaporized during formation of the solar system. To be sure, the anomalous Xe is not found in the Ca,Al-rich inclusions that contain the anomalous 0 and Mg, but in some minor phases. But (5, (27) (28) (29) . Obviously, these minerals can provide clues to the origin of the anomalous Xe. If the Xe is exotic, then its host minerals must also be exotic, and should show other distinctive isotopic anomalies.
One particularly suitable element is Os, which has seven stable isotopes made by the p, r, and s processes (30) . It is one of the least volatile elements in a solar gas (31) , and therefore has a better-than-average chance of surviving formation of the solar system without vaporization and isotopic homogenization. In the course of analyzing various gas-rich Allende samples by neutron activation (5) Through an oversight, the Os isotopic data were not included in our 1975 paper (5). They are therefore being reported here.
MATERIALS AND METHODS
Samples, described in ref. 5 , were irradiated for 3 days at a neutron flux of 5 X 1013 cm-2, and were processed according to our usual radiochemical procedure (32) . Measurement of the Os fractions began 31 days after the end of the irradiation, at which time 30 hr 1930s had decayed to about 10-7 the activity of the two isotopes of interest, 15 day '9'0s and 93.6 day 1850s.
Activities of these two nuclides were determined by counting (Fig. 1) . To determine the implications of this negative result, let us consider the individual samples (Table 1) .
For our purposes, the most significant samples are the last four, 3C3 to 3CS5. Three-quarters of their Os (originally located in Ca,Al-rich inclusions) has been dissolved away, and so has most of their "normal" Xe (originally located in Q). The residual Os and Xe both are located in chromite and carbon (5, 27, 28 (27) would leave the analogous isotopic pair 184Os/190Os unaltered * Where the apparent anomaly was less than the standard deviation, only a 2a upper limit is given. t Falls within terrestrial range and is therefore not significant. T The small anomaly found may be due to residual spinel, with an anomaly of -5%. § PDB = Pee Dee belemnite standard.
to within -0.1 : 0.4% (mean 6'840S of the last four samples).
Further problems with a supernova origin Indeed, there are other arguments against an exotic origin of these two minerals (5, 27, 28) . Their carbon (34) 35 for discussion and additional references), the elements comprising the two host minerals originated at greatly different depths: C in the cool outermost layer and Fe,Cr in the hot interior, at T > 4 X 109 K. The noble gases, too, originated in different regions: He and p-process isotopes in the outermost part, Ne, Ar, Kr, Xe, and other reprocess species, in progressively deeper layers. The dynamics of supernova explosions are not yet fully understood, and so categorical statements should be made with caution. But it seems very improbable that the required perfect degree of mixing can be attained in such explosions. Solar nebula? It seems significant that isotopic anomalies in Allende chromite and carbon have been found only for noble gases which are depleted to <10-4 of their cosmic abundance, but not for elements such as C, 0, and Os, that are more or less fully condensed ( Table 2 ; the true magnitude of the 0 anomaly is hard to ascertain because 170 was not measured and the sample was contaminated with spinel, which has a 5% anomaly). This suggests that the noble-gas anomalies were caused by some type of mass fractionation process, related to the degree of depletion.
One possibility, discussed at length elsewhere (5, 27, 28) , is that chromite and carbon formed in the solar nebula by oxidation of metallic Fe,Cr grains, according to the reaction:
Both phases form at the gas/metal interface, and would therefore trap equal proportions of any noble gas atoms adsorbed at the interface. [It is not known whether the gases would show the required isotopic fractionations, but at least one experimental study has shown fractionations of up to 3% per mass unit during trapping of Xe in U02 (39) .] The excess heavy Xe isotopes have a separate origin on this model, being derived from a superheavy element that condensed on phase Q alongside chromite and carbon.
To confirm this hypothesis, several points must still be proven. It must be shown that the host minerals occur in large enough aggregates to trap recoiling fission fragments. And the origin of the fractionated noble gases (including the light Xe isotopes) must also be accounted for. A definitive answer may eventually become available after various experiments are completed.
Osmium from CaAl-rich inclusions The remaining samples in Table 1 (bulk Allende and 3C1) have a bearing on another set of isotopic anomalies, localized in the Ca,Al-rich inclusions. In contrast to chromite and carbon, these inclusions do show anomalies for elements other than noble gases, namely 0 and Mg (Table 2) . Three-quarters of the Os in bulk Allende and 3C1 comes from these inclusions, and so the lack of an Os anomaly in these samples shows that the Os in the inclusions, too, is indistinguishable from terrestrial Os. This has been previously demonstrated by Grossman and Ganapathy (40) , who found that the ImOs/'90Os and 1920s/190Os ratios in a separated Allende inclusion were equal to the terrestrial ratios within ±2%. Coupled with the lack of anomalies in K, Rb, and Sr (Table 2) , this suggests that the stellar source of the 26AI and anomalous 0 and Mg in Allende produced only light elements of masses less than 40. 
